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ABSTRACT 

Tests  were  conducted  to  determine  the  explosive  quantity 
distance  classification,  storage  compatibility  group  and  the 
ICC  explosive  shipping  classification  for  Cartridge,  Engine 
Starter,  MS^l  MG-2  and  MXU=4/A.  The  MXU-4/A  Cartridges  were 
manufactured  by  two  different  manufacturers  and  the  propellant 
contains  Ammonium  Nitrate  but  in  different  percentages* 

Five  detonation  tests  were  conducted  on  each  of  the  four 
types  of  cartridges  to  determine  if  a  detonation  would  occur 
and  if  so,  would  the  detonation  propagate  from  cartridge  to 
Cartridge.  One  cartridge  in  a  shipping  container  (cardboard 
box)  was  primed  with  30  grains  of  tetryl  and  initiated  with  an 
Engineer  Special  Blasting  Cap.  Each  type  of  cartridge  was  also 
subject  to  a  cook=*off  test. 

No  detonation  occurred  from  any  of  the  tests.  The 
MG-2  primed  cartridges  were  ruptured  and  threw  burning  propel¬ 
lant  within  a  ten  foot  radius.  The  remains  of  the  cartridge 
cases  also  remained  in  this  area.  The  MXU-4/A  cartridges  did 
not  ignite  as  the  primer  charge  could  not  be  placed  on  the 
propellant  grain.  All  cartridges  cooked-off  between  ten  and 
fifteen  minutes  after  the  scrap  lumber  was  ignited^  It  ws-s 
concluded  that  ell  of  the  cartridges  tested  were  Quantity  Dis¬ 
tance  Glass  2,  Storage  Compatability  Group  iP  and  ICG  Shipping 
Glass  G';  ' 
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INTRODUCTI0N 


A  htzaxd  classification  tsst  on  Cartxidgs,  Engine  Staxtexs 
was  requested  by  the  Safety  and  Inspection  Division  (0OYS), 

2705th  Aixmunitions  Wing.  » 

Test  Directive  S'=2“556»Y  was  pxepaxed  by  the  Explosives 
Evaluation  Branch  (OGYEE)«  The  cartridges  were  subject  to  detona¬ 
tion  and  cook-off  tests  as  outlined  in  Technical  Order  llA-1-47 
(nAVCRD  Instruction  8020.8  and  TB  700-2),  Explosives  Hazard 
Classification  Procedures.  Tests  were  conducted  by  the  Test 
Branch  (0OYET),  Engineering  and  Test  Division  (OOYE),  2705th 
Airmunitions  Wing  (OOY). 


DESCRIPTION 

Cartridge,  Engine  Starter,  A(G-1,  MC-2  and  MXU-4/A  are  gas 
generating  units  used  to  start  certain  jet  aircraft  engines^  The 
MC-1  Cartridge  contains  an  Olin-Mathieson  AGJ  solid  propellant 
charge,  weighing  approximately  four  pounds  and  an  electrically 
fired  ignition  assembly.  The  MG-2  Cartridge  contains  a  Standard 
Oil  SOI-LETP-l  solid  propellant  charge  of  approximately  the  same 
weight  as  the  MC-1  and  is  also  electrically  fired.  Both  car¬ 
tridges  are  approximately  seven  inches  long  and  six  inches  wide. 
Figure  1  shows  the  exterior  of  the  MC-1  and  MC-2  Cartridges.  The 
MXU-4/A  Girtridge  manufactured  by  Olin-Mathieson  and  Standard  Oil 
both  contain  approximately  eight  pounds  of  solid  propellant 
(Ammonium  nitrite  formulation  but  different  percentage)  and  are 
approximately  nine  inches  long  and  seven  inches  wide.  Figures 
2  and  3  show  the  exterior  of  these  two  cartridges. 


TEST  PROCEDURES 

DETONATION  TEST  ©N  THE  MG-1  CARTRIDGE 

The  MC-1  Cartridges  are  packed  one  per  metal  container  and 
six  containers  per  cardboard  shipping  carton  (Figure  4).  One 
Cartridge  was  removed  from  the  hermetically  sealed  metal  con¬ 
tainer  and  the  screen  end  of  the  cartridge  removed.  A  30  gram 
tetryl  pellet  was  placed  in  contact  with  the  propellant  grain. 

The  tetryl  was  initiated  with  a  Type  11,  Special  Electric  Blasting 
Cap.  The  screen  end  was  replaced,  and  the  cartridge  placed  back 
in  the  shipping  carton,  and  the  cap  was  fired. 
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FIGURE  3»  tiXU  4/a  Starter  Cartridge  (Standard  Oil  Co)  (AidOCO) 


FIGURE  4.  Packing  aiid  Shipping  Container  for  the 
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TEST  RESULTS  OF  DETONAnOW  TEST  ON  THE  MG~1  CARTRIDGE 

Th«  tetryl  charge  did  not  detonate  the  propellant,  however, 
the  Cartridge  case  was  blown  into  email  pieces,  with  most  of  the 
propellant  burning.  The  fragments  were  within  10  feet  of  the 
test  area.  The  remaining  five  cartridges  did  not  detonate  or 
ignite  (Figure  5)  but  were  thrown  from  15  to  50  feet  from  the 
test  site.  The  detonation  test  was  conducted  five  times  with 
similar  results. 

COOK-OFF  TEST,  MC-1  CARTRIDGE 

One  shipping  container  (6  cartridges)  was  banded  with  one- 
half  inch  steel  banding,  and  placed  on  a  pile  of  scrap  lumber. 

The  entire  mass  was  saturated  with  kerosene  and  ignited  (Figure  6). 

RESULTS  OF  COGK-OFF  TEST,  MC-1  CARTRIDGE 

All  cartridges  functioned  within  seven  to  ten  minutes  after 
igniting  the  scrap  lumber,  Idlhen  a  cartridge  functioned  the  pres¬ 
sure  generated  would  burst  the  hermetically  sealed  metal  container, 
throwing  the  screen  closures  and  portions  of  the  metal  container 
within  a  five  foot  radius  of  the  test  site  (Figure  7), 

DETONATION  TEST  ON  THE  MC-2  CARTRIDGE 

These  cartridges  were  prepared  for  the  test  in  the  same  manner 
as  the  MC-1  cartridges  and  the  test  conducted  five  times, 

RESULTS  OF  DETONAHON  TEST  ON  THE  MC-2  CARTRIDGE 

The  results  of  these  tests  (Figure  8)  were  similar  to  those 
experienced  on  the  MC-1  cartridges. 

C0GK-OFF  TEST  AND  RESULTS  ,  MC-2  CARTRIDGES 

The  preparation  and  results  of  this  test  were  the  same  as  for 
the  MC-1  Cartridges  (Figure  9). 

DETONATION  TEST  ON  THE  MXU  4/A  (AMGCA) 

The  MXU  4/A  Cartridges  are  packed  one  per  metal  container  and 
four  containers  per  cardboard  shipping  carton.  One  cartridge  was 
removed  from  the  hermetical  container  and  primed  by  taping  30  grams 
of  tetryl  (two  15  grain  charges)  and  a  Type  II  Electric  Blasting  Cap 
to  the  side  of  the  cartridge.  It  was  not  possible  to  place  the 
tetryl  on  the  propellant  grain  because  the  screened  end  could  not  be 
removed  safely  (Figure  10), 
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RESULTS  OF  DETONATieu  TEST  OM  TKS  MXU  4/A  (A«0GA) 

The  priiMd  eartxidge  did  not  de^ton^te  or  ignite^  but  the  metal 
Casing  wae  dented*  The  cardboard  shipping  container,  however,  was 
ignited  by  the  booster  charge,  which  in  turn  caused  the  primed  car¬ 
tridge  to  cook-off  in  approximately  eleven  minutes.  The  heat  gener¬ 
ated  from  the  ignited  cartridge  caused  two  of  the  remaining  three 
Cartridges  to  cook-off.  The  fourth  cartridge  did  not  ignite,  but 
Was  moved  about  six  feet  from  the  test  site  (Figure  11).  This  test 
Was  conducted  five  times,  however,  the  first  test  was  the  only  one 
in  which  the  cartridge  functioned.  During  the  remaining  four  tests 
some  of  the  cartridges  were  thrown  up  to  twelve  feet  from  the  test 
site,  but  none  of  the  cartridges  functioned. 

COCK-OFF  TEST,  MXU-4/A  (AMOCO) 

Four  MXU-4/A  Certridges  contained  in  a  shipping  container 
were  banded  together  and  placed  in  a  Crib  of  scrap  lumber  as  in 
Figure  6.  The  entire  mass  was  saturated  with  kerosene  and  ignited. 

RESULTS  OF  COCK-OFF  TEST,  MXU-4/A  (AMOCO) 

All  of  the  cirtridgef  functioned  between  five  and  twelve  minutes 
after  the  scrap  luoiber  was  ignited.  The  pressure  generated  by  the 
burning  cartridges  caused  the  metal  storage  cans  to  burst.  As  a 
result  of  these  pressure  bursts  various  parts  of  the  cartridges  and 
storage  cans  were  propelled  up  to  15  feet  from  the  test  site  (Figure 
12). 

DETONATION  TEST  ON  THE  MXU  4/A  CARTRIDGE  (OLIN  MATHIESCW) 

These  tests  were  conducted  in  the  same  manner  as  for  the  MXU  4/A 
Cartridges  manufactured  by  Standard  Oil,  except  one  30  gram  charged 
Was  used  rather  than  two  15  grams  charges.  The  charge  was  taped  to 
the  side  of  the  rubber  case  as  shown  in  Figure  13. 

RESULTS  OF  DETONATION  TEST  ON  THE  MXU  4/A  CARTRIDGE  (©LIN  MATHIES0N) 

The  detonation  of  the  booster  charge  removed  part  of  the  out¬ 
side  rubber  casing  of  the  primed  cartridge,  however,  the  cartridge 
did  not  function.  The  cardboard  box  was  torn  apart  and  the  remain¬ 
ing  three  cartridges  came  to  rest  about  two  feet  from  the  test  site. 
The  metal  storage  cans  containing  the  individual  Cartridges  were  not 
damaged  in  any  way.  This  test  was  conducted  a  total  of  five  times 
with  the  Same  results  each  time.  Figure  14  is  typical  of  the  results 
obtained. 
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GCOC-OFF  TEST,  MXU  4/A  GARTRIBGE  («.1N  MATHIISQN) 

Four  eartrldg*!  wor*  bandiod  to^tthor  in  ent  thippingi  eentalnor 
and  plaetd  in  a  crib  of  scrap  luadbar  In  tha  aiannar  shown  In  Figuro 
6»  Tha  antlra  Mass  was  saturatad  with  karoaana  and  ignitad. 

RISULTS  «F  CeCK-OFF  TIST.  MXU  4/A  GARTRIDGI  (OLIN  MATHIE«CIN) 

All  eartxidgaa  eookad  off  batwaan  11  and  15  ainutfs  frow  tha 
tiaa  tha  scrap  lunbar  was  Ignitad*  Tha  ignitors  in  thg  individual 
cartridgaa  wars  eoekad-off  by  tha  fira  and  ignitad  tha  propallant. 
Tha  pxaaaura  gaoaratad  by  tha  ignitor  and  burning  propallant  eausad 
a  prassura  burst  of  tha  hamatically  saalad  contsinars.  Ona  of 
tha  four  cartridges  rollad  out  of  the  fira  and  did  net  function. 

All  projaetilas  esna  to  rast  within  15  foot  of  tha  tas^  sita. 

Figura  15  shows  tha  rasults  of  this  tost. 


CONCLUSIONS 

None  of  the  Cartridge,  Engine  Starter,  MC-1 ,  MC-2,  MXU  4/A 
(AMOCO)  and  MXU  4/A  (Olih  Mathieaon)  detonated  when  subjected  to 
detonation  and  cook-off'  teats. 

The  cartridges  will  cook-off  by  open  fire  in  approximately 
fifteen  minutes  of  exposure.  The  igniter  in  the  cartridge  will 
cook-off  first,  thereby,  igniting  the  propellant  grain.  The 
pressures  generated  from  the  propellant  will  burst  the  hermeti¬ 
cally  sealed  container,  usually  at  the  seams,  and  the  cartridge 
will  burn  in  place.  The  screen  end  of  the  cartridge  can  be 
thrown  up  to  fifteen  feet. 

Thirty  grams  of  tetryl  primed  with  a  Cap  Blasting,  Type  II, 
placed  on  the  propellant  grain  of  an  MC-1  or  MC-2  Cartridge  will 
destroy  the  cartridge,  with  most  of  the  propellant  being  burned. 

Other  cartridges,  in  their  containers  will  be  dented  and  propelled 
or  roiled  a  distance  of  fifty  feet. 

For  safety  reasons  the  MXU  4/A  Cartridges  were  not  disassembled, 
therefore,  the  explosive  charge  could  be  placed  on  the  propellant 
grain.  Had  the  explosive  charge  been  placed  on  the  propellant  grain, 
rather  than  taped  to  the  case,. it  is  believed  that  the  primed 
cartridge  would  have  been  blown  apart,  with  most  of  the  propellant 
burning,  in  the  manner  of  the  MC-1  and  MC-2  cartridges.  This 
conclusion  is  based  on  the  composition  of  the  propellant  grain,  ^ 
which  is  practical  the  same  as  the  MG<-r2  Cartridge . 
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RECOMMENDiTIONS 

It  la  recQBmsnded  that  the  following  eocploalve  hazard 
claaalflcatlona  be  assigned  to  Cartridge,  En^ne  Starter,  MC-1 , 
MC-2  and  MXU  4/A: 

Quantity  Distance  ■ 

Storage  Compatibility 
ICC  Shipping 


Class  2 
Group  is 
Class  its 
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PIGURiS  5*  Besults  of  MG-1  Startey  Cartridge  Detonation  Test 


PKIJEE  7»  Bosulta  of  MC-1  Cartridge  Cook-off  Test 


PIGUB3  9.  Results  of  kC-2  Cartridge  Cook-off  Teat 


FIGUB-E  10.  i'lXU  4/A  Cartridge  (iaiOGO)  Primed  with  50  Grams  of  ?etr2/l 


PiaUiiE  11.  Results  ,  i-JCU  4A*-  GtLrtride*e  (^U-.CCO)  Detonation  Pest 


FIGURE  15,  i-iXU  4/A  Cartridge  (Olin  iiathieson)  Primed  with  50  Grams  of  Tetrvl 


FIGUKB  14.  Beaults  of  MU  4/A  Cartridge  (Olln  Methieson)  Detonation  Test 
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1  ICC,  Bweau  of  Safety  and  Svc  (V.E.  Haninger),  Wash  25,  DC 
1  NASA,  1520  H  Street  NW,  Wash  25,  DC 
1  Fed  Aviation  Agcy  (Code  FS40),  Wash  25,  DC 
1  Tech  Tng  Cen  (Code  TOr-3) ,  Amarillo  APB,  Tex 
1  AFFTC,  Directorate  of  Rkt  Prpln  (Code  DGSM),  Edwards  AFB,  Calif 
1  ASD,  Wright-Patterson  AFB,  Ohio 
1  TAG  (Dir  of  Requirements),  Langley  AFB,  Ya 
1  ADC  (AEMME^-DE),  Ent  AFB,  Colo 
1  ATC,  Randolph  AFB,  Tex 
1  USAFE,  APO  633,  New  York,  NY 
1  PACAF,  APO  953,  San  Francisco,  Calif 
1  AMFEA,  APO  10,  New  York,  NY 
1  AAC,  APO  942,  Seattle,  Wash 
1  NGB  (NG-AFMS),  Wash  25,  DC 

1  QeLAB,  Naval  Ammo  &  Net  Depot,  Seal  Beach,  Calif 
1  QeLAB,  Naval  Ammo  Dept,  Concord,  Calif 
1  R-1 ,  Naval  Propellant  Plant,  Indian  Head,  Md 
1  Chief  of  Transportation,  Dept  of  Army,  (TCRAC-A) ,  Wash  25,  DC 

3  INAPD,  2355  S  Tibbs  Ave,  Indianapolis  41 ,  Ind,  with 

1  for  Standard  Oil  Co  (ind)  Research  Dept,  Whiting,  Ind 
1  for  Olin  Mathieson  Chem  Corp,  East  Alton  Plant,  East  Alton,  Ind 
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